Introduction {#sec1-1}
============

TLRs are transmembrane receptors that found on cell surfaces or on intracellular compartments ([@ref1]). TLRs belong to the family of pattern recognition receptors diagnosing several pathogen-associated molecular patterns, such as cell-surface LPS ([@ref1], [@ref2]). They are also able to respond to stress and modulate inflammation and tissue damages following on non-infectious insults, like hypoxia and ischemia ([@ref1]), in various tissues ([@ref3]-[@ref6]).

In human, 10 functional TLRs have been identified until now ([@ref2]). Among this receptor family, TLR-2 and TLR-4 have major roles in myocardial Ischemia/-reperfusion (I/R) injury and some myocardial dysfunctions ([@ref7]). hTLR-4 is generally expressed in macrophages and endothelial cells, as crucial contributor in the atherosclerotic plaque formation([@ref8]). We have previously shown a direct relationship between human monocyte TLR-4 expression and the respective cytokines, with a degree of coronary stenosis. In addition, it has been demonstrated that overexpression of hTLR-4 in the monocytes was associated with elevation of IL-1β and TNF-α levels in serum ([@ref9]). We have also determined a positive correlation between hTLR-4 expression in monocytes and pro-inflammatory cytokine activities in patients with stable angina, who have undergone percutaneous coronary intervention ([@ref10]). Furthermore, we currently showed that the heart is capable of producing TNF-α through *Tlr-4* and MyD88 activation independent of classic immune system and suggest a local immune response in the heart ([@ref11]).

Moreover, we have identified that activation of

AMPK prohibited *Tlr-4* expression and activation in the heart suffering inflammatory conditions, including myocardial infarction ([@ref12], [@ref13]) or LPS-induced inflammation ([@ref14]).

AMPK is a serine--threonine protein kinase regulating cellular metabolism and function ([@ref15]). This enzyme, as a sensor of energy in cells, is activated as soon as shortage of nutrient supply and ATP generation or increased in cellular energy demand ([@ref16]). Several studies have shown a correlation between AMPK and TLR-4 signaling. Santos *et al* reported (2013) that the effect of LPS on reduction of hypothalamic AMPK phosphorylation was TLR-4 dependent. Thus, this phosphorylation was increased by pharmacological hypothalamic AMPK activation ([@ref17]). In this year, Park D *et al* also evaluated the effect of AMPK activation on neutrophil chemotaxis *in vitro* and *in vivo* models exposed to LPS. Their study indicated that the activation of AMPK decreased activity of TLR-4 downstream signals and, in contrast, enhanced neutrophil chemotaxis, both *in vitro* and *in vivo* ([@ref18]). Although, correlation between TLR-4 and AMPK activity have previously been reported by Zhao *et al* in 2008. They demonstrated that AMPK function decreased TLR-4 induced neutrophil and pro-inflammatory cytokines activities ([@ref19]). Whereas AMPK has potential anti-inflammatory effects, function of this enzyme was inhibited in TLR-4 activated cells due to translocation of HMGB1, a pro-inflammatory mediator, from nuclei to cytosol and inhibition of LKB1, as an upstream AMPK activator ([@ref20]).

In the present study, we investigated the potential correlation of AMPK and *Tlr-4* expressions in heart. For that, effect of the compound-C, as an AMPK antagonist, was evaluated on both myocardial AMPKα phosphorylation and *Tlr-4* expression level in the administrated animals with A-769662+LPS agents. In this experiment, AMPK activity was initially stimulated by A-769662 agent and subsequently antagonized by compound-C in the LPS induced *Tlr-4* expression group. In addition, we used metformin in some parts, as a well-known AMPK activator ([@ref12],[@ref13]), to compare their effect with A-769662 agent, as a new AMPK activator.

Materials and Methods {#sec1-2}
=====================

Animals {#sec2-1}
-------

Healthy male BALB/c mice ([@ref21]) (25-30 g, 8-10 weeks of age) were used in this study. They were housed in standard polypropylene cages, six per cage, under a 12 hr light/dark at a controlled ambient temperature of 22±2 °C with 50±10% relative humidity. The present study was performed in accordance with the Guide for the Care and Use of Laboratory Animals of Tabriz University of Medical Sciences, Tabriz, Iran (National Institutes of Health Publication No. 85-23, revised 1985).

Chemicals {#sec2-2}
---------

*Escherichia coli* (serotype k235) lipopolysaccharide was purchased from Sigma (Germany). A-769662 was from Tocris Bioscience (USA) and metformin was a gift from Osveh Pharmaceutical Inc. (Tehran, Iran). Compound-C was from Sigma (Germany). Rabbit monoclonal antibodies against phospho-AMPKα (Thr172), AMPKα and ACC, phospho-ACC (Ser79) and MyD88 were obtained from Cell Signaling Technology (Danvers, MA). Mouse monoclonal antibodies against GAPDH, peroxidase-conjugated goat anti-rabbit, and rabbit anti-mouse secondary antibodies were obtained from Abcam (Cambridge, MA). For ELISA, Rat TNF-α and IL-6 were bought from Bendermed (Austria). Protease inhibitor cocktail was from Roche (Mannheim, Germany).

Evaluation of required time and LPS concentration for MyD88 and Tlr-4 expression in mice {#sec2-3}
----------------------------------------------------------------------------------------

The mice model of LPS-induced inflammation was used in this study as previously reported by Ao *et al* (2007) ([@ref22]) with modifications. Six groups of mice (n=3-4) were used for optimizing of endotoxin concentration and required time to achieve MyD88 and *Tlr-4* expression: 1) two normal control groups were given vehicle intraperitoneally (normal saline) for 4 hr and 8 hr separately; 2) mice with endotoxemia were injected LPS (1 mg/kg and 2 mg/kg; IP) both for 4 hr and 8 hr. After LPS injection time set zero and at the end of the experiment, the heart was removed under anesthesia, rinsed in cold saline, snap-frozen in liquid nitrogen and stored at -70 °C for evaluating the level of MyD88 and *Tlr-4* expression by Western blotting and real-time PCR, separately.

Dose response of compound-C inhibitory effects on AMPK {#sec2-4}
------------------------------------------------------

To evaluate the inhibitory dose of compound-C on AMPK, six groups of mice (n=3) were used: control who received vehicle (PBS and DMSO), IP; compound-C 10 and 20 mg/kg, separately ([@ref23]), IP; compound-C (10 and 20 mg/kg, IP separately)+A-769662 (10 mg/kg, IP) and compound-C (20 mg/kg, IP)+metformin (100 mg/kg, IP). Eight hours later, the heart was removed under anesthesia, rinsed in cold saline and snap-frozen in liquid nitrogen and stored at -70 °C for evaluating the level of AMPK activation by Western blotting. The dose of A-769662 ([@ref24], [@ref25]) and metformin ([@ref23]) used here, based on studies published in the literature, would be predicted to activate AMPK.

Experimental protocols to evaluate whether AMPK and TLR-4 are connected {#sec2-5}
-----------------------------------------------------------------------

The study was conducted on 11 groups of animals; each group consisted of six animals ([Table 1](#T1){ref-type="table"}). Eight hours following the IP injection of the drugs, the animals were anaesthetized by sodium pentobarbital. The heart, were taken out immediately by dissection, washed in ice-cold saline, snap-frozen in liquid nitrogen and were kept at −70°C for further analysis.

###### 

Animal groups and respective treatments

  Groups   Treatments                          
  -------- ----------------------------------- ------------------------------------------------------------
  1        Control (C)                         Solvents (DMSO 80 µl+PBS^[1](#t1f1){ref-type="table-fn"}^)
  2        LPS (L)                             2 mg/kg
  3        Compound-C (CC)                     20 mg/kg
  4        Metformin (M)                       100 mg/kg
  5        A-769662 (A)                        10 mg/kg
  6        Metformin+compound-C (M+CC)         100 mg/kg+20 mg/kg
  7        A-769662+compound-C (A+CC)          10 mg/kg+20 mg/kg
  8        Metformin+LPS (M+L)                 100 mg/kg+2 mg/kg
  9        A-769662+LPS (A+L)                  10 mg/kg+2 mg/kg
  10       Metformin+LPS+compound-C (M+L+CC)   100 mg/kg+2 mg/kg+20 mg/kg
  11       A-769662+LPS+compound-C (A+L+CC)    10 mg/kg+2 mg/kg+20 mg/kg

phosphate buffer solution

Measurements of cardiac TNF-α and IL-6 concentration by ELISA {#sec2-6}
-------------------------------------------------------------

Cardiac level of TNF-α and IL-6 were quantified with the use of ELISA kit according to the manufacture's instruction. Briefly, the samples were homogenized in an ice-cold solution containing 50 mM Tris--HCl, 150 mM NaCl, 5 mM sodium pyrophosphate (NaPPi), 50 mM NaF, 1 mM EDTA, 1 mM dithiothreitol (DTT), 0.1 %SDS (w/v), 1% TXT-100 (v/v), and protease inhibitor cocktail (Roche, Mannheim, Germany). The samples were then centrifuged twice at 10,000 (rpm) for 10 min at 4 °C. The resulting supernatants were used for assay. The concentration of the cytokines was expressed as pg/100 mg heart tissue.

Neutrophil count in blood {#sec2-7}
-------------------------

Prior to euthanization, venous blood sample was collected to determine the number of neutrophils in blood. Fresh blood sample was smeared on the clean lam and the percent of neutrophils were counted at 100×zooming in optical microscope after Gimsa coloring. The percentage of neutrophils was calculated as a percentage of total white blood cells.

Western blot analysis {#sec2-8}
---------------------

Western blot analyses were performed as previously described by Soraya *et al* (2012) ([@ref12]) with minor modifications. Following the experimental procedure, myocardial tissue was removed immediately and was deep-frozen in liquid nitrogen.

The tissue sample was homogenized in ice-cold solution, pH 7.4, containing 50 mM Tris--HCl, 150 mM NaCl, 5 mM sodium pyrophosphate (NaPPi), 50 mM NaF, 1 mM EDTA, 1 mM dithiothreitol (DTT), 0.1% SDS (w/v), 1% TXT-100 (v/v), and protease inhibitor cocktail. Homogenized sample was centrifuged at 10,000 rpm at 4 °C for 10 min. The supernatant was aliquoted and stored at -70 °C for further analysis. Bradford protein assay kit was used for evaluate the protein content of the supernatant. Same weight of the homogenate protein was loaded to SDS-polyacrylamide gel electrophoresis using Bio-Rad mini protean tetra system. The separated proteins were transferred to an Immobilon-P membrane and blocked in 5% non-fat milk. The membranes were probed using a range of primary antibodies raised against GAPDH (1:5000), MyD88, phospho-AMPKα (Thr172), AMPKα, ACC, and p-ACC (Ser79) (1:1000 dilution) at 4 ºC with gentle shaking, overnight. The membranes then were washed and incubated with peroxidase-conjugated goat anti-rabbit and rabbit anti-mouse secondary antibodies (1:5000 dilutions) at room temperature with gentle shaking. The antibodies were visualized using the BM Chemiluminescence kit. Densitometric analysis of the immunoblots was performed using image j software (Wayne Rasband, National Institute of Health, USA). The densitometric values for MyD88, p-AMPK and p-ACC were normalized to GAPDH, AMPK and ACC, respectively.

Detection of the Tlr-4 mRNA in cardiac tissue by quantitative real-time PCR {#sec2-9}
---------------------------------------------------------------------------

Myocardium total RNA was extracted using Trizol according to the manufacturer's recommendations. Agarose electrophoresis was used to evaluate the integrity of the extracted RNA. Purity of RNA was determined by optical density measurement (A260/A280 Ratio) with nanodrop instrument. For cDNA synthesis one μg of the extracted RNA from each sample was used. Real time PCR was performed by dNTP mix (Biofluxbiotech), random hexamer primer, Ribonuclease Inhibitor, and M-MuLV Reverse Transcriptase (CinnaGen, Iran). All reactions were performed in a total volume of 25 μl reaction mixtures, triplicate using the iQ5 optical system. Negative control as well as no template control (NTC) was included in each experiment.

Reaction mixture contained: 1 μl cDNA, 1 μl primer (100 nM each primer), 12.5 μl 2X Power SYBR Green PCR Master Mix (Applied Biosystems, Foster city, USA), and 10.5 μl RNase/DNase free water. Target mRNA expression was normalized to GAPDH expression. The cycling conditions were as follow:

For both *Tlr-4* and *Gapdh*: 1 cycle at 94 °C for 10 min, 40 cycles at 94 °C for 15 sec, 60 °C (annealing temperature) for 30 s and 72 °C for 30 s, and 1 cycle at 72 °C for 5 sec and 53 °C for 10 min.

The primers were designed for detection, as given below:

For *Tlr-4*,

forward: 5'-AAG TTA TTG TGG TGG TGT CTA G-3';

reverse: 5'-GAG GTA GGT GTT TCT GCT AAG-3'.

For *Gapdh*,

forward: 5'-TTG TCA AGC TCA TTT CCT GGT ATG -3';

reverse: 5'-GGA TAG GGC CTC TCT TGC TCA -3'.

The relative amount of *Tlr-4* mRNA to the reference *Gapdh* gene was calculated using the 2^-∆∆c^~T~ method ([@ref26]) and expressed as an n-fold variation of *Tlr-4* levels in the treated samples with respect to control samples (n=3-5).

Statistical analysis {#sec2-10}
--------------------

In this experimental research, data were presented as mean±SEM. One-way ANOVA was used to make comparisons between the groups, by SPSS 12.0 software. If the ANOVA analysis indicated significant differences, LSD *post hoc* test was performed to compare the mean values between the treatment groups and the control. For the real time PCR, Pair Wise Fixed Reallocation Randomization Test using REST software was used to make comparisons between the groups. Any differences between the groups were considered significant at *P*\<0.05.

Results {#sec1-3}
=======

***Required time and LPS concentration for MyD88 and Tlr-4 expression in mice***

LPS acts as a ligand for TLRs, especially TLR-4. Binding LPS to TLR-4 activates either MyD88 or TRIF downstream pathways ([@ref27]). Here, the concentration and the time spent for expression of *Tlr-4* mRNA and so increasing MyD88 protein content by IP injection of LPS was evaluated. As demonstrated in [Figure 1A](#F1){ref-type="fig"} increasing the level of MyD88 by LPS seems time and concentration dependent. As shown, there was no significant difference between the levels of MyD88/GAPDH content in the hearts obtained from mice injected LPS at 1 or 2 mg/kg after 4 hr and 1 mg/kg after 8 hr vs control. However, LPS at 2 mg/kg could elevate prominently the level of MyD88/GAPDH protein content after 8 hr (*P*\<0.001 vs control 8h).

![A) Representative immunoblots of heart myeloid differentiation factor 88 (MyD88) protein content (upper traces above the columns) in mice following 4 and 8 hr treatment with LPS (both 1 and 2 mg/kg, IP). Bars represent the ratio of MyD88 to GAPDH. ^\*\*\*^*P*\<0.001 vs. control 8 hr, using one way ANOVA with LSD post hoc test (L: LPS and C: control). B) Expression of Tlr-4 mRNA in mice myocardial tissues following 4 and 8 hr treatment, with LPS (2 mg/kg, IP). The expression of Tlr-4 mRNA was analyzed by real time PCR. Data are expressed as the mean±SEM of the three independent experiments with three repeat. The significant of results was tested by a Pair Wise Fixed Reallocation Randomization Test using REST software. Values are mean±SEM (n=4). ^\*\*\*^P \<0.001 from respective control value](IJBMS-19-1308-g001){#F1}

In comparison with the control group, *Tlr-4* mRNA expression significantly was elevated 4 and 8 hr after IP injection of LPS at 2 mg/kg (*P*\<0.001, respectively) ([Figure 1B](#F1){ref-type="fig"}).

Inhibitory concentration of compound-C on activated AMPK {#sec2-11}
--------------------------------------------------------

A-769662 is a direct and metformin is indirect activator of AMPK. Also, compound-C is a potent, selective and reversible inhibitor of AMPK. So, it was subsequently investigated the required concentration of compound-C for inhibiting activated AMPK induced by A-769662 (10 mg/kg) and metformin (100 mg/kg).

As illustrated in [Figure 2](#F2){ref-type="fig"} both A-769662 (10 mg/kg, IP) and metformin (100 mg/kg, IP) increased the level of phosphorylated AMPKα at threonine residue 172 (*P*\<0.05 and *P*\<0.01, respectively) and adding compound-C with 20 mg/kg, IP could significantly decreased the level of AMPK activity (*P*\<0.05). However, there was no significant difference between compound-C (20 mg/kg) and control group. Compound-C with 10 mg/kg, IP had no significant effect on the level of AMPK activity (data are not shown).

![Representative immunoblots of p-AMPK and AMPK following 8 hr treatment, intraperitoneally, with CC (compound-C 20 mg/kg), A (A-769662 10 mg/kg), A+CC (A-769662 10 mg/kg+compound-C 20 mg/kg), M (metformin 100 mg/kg) and M+CC (metformin 100 mg/kg+compound-C 20 mg/kg) where C is control. Bars represent the ratio of p-AMPK to AMPK. Values are mean±SEM (n=3). +*P*\<0.5 and ++*P*\<0.01 from respective control value, \**P*\<0.05 vs. A-769662, and \#*P*\<0.05 vs. metformin, using one way ANOVA with LSD post hoc test](IJBMS-19-1308-g002){#F2}

The effect of compound-C on the level of cardiac AMPK and ACC activity in A-769662+LPS treated mice {#sec2-12}
---------------------------------------------------------------------------------------------------

A-769662 is a direct AMPK activator and LPS acts as a ligand for TLR-4. Furthermore, AMPK activation converts the ACC into an inactive form by phosphorylation on ser79 residue. For examining the possible connection between TLR-4 and AMPK activity, we determined the effect of compound-C on myocardial AMPKα and ACC phosphorylation level in the mice injected A-769662+LPS in which, activated AMPK (by A-769662) would be inhibited (by compound-C) in LPS induced *Tlr-4* expression group. Western blot results in [Figure 3A](#F3){ref-type="fig"} showed that both LPS and A-769662 induced a significant AMPK activation as the expressions of phospho (p)-AMPKα was increased after administration in the heart tissue (*P*\<0.001) and there is no difference in the AMPK activity between LPS and A-769662 treated groups. Notably, p-AMPK/AMPK fold was elevated both in A-769662+LPS (*P*\<0.001) and A-769662+LPS+compound-C (*P*\<0.05). However, compound C decreased the heart p-AMPK/AMPK fold in A-769662+LPS+compound-C group in comparison with A-769662+LPS group (*P*\<0.05). Besides, antagonizing AMPK with compound-C induced a significant reduction in ACC phosphorylation in comparison with LPS+A-769662 (*P*\<0.01) which showed alleviating effects of AMPK activation ([Figure 3B](#F3){ref-type="fig"}).

![A) Representative immunoblots of phosphorylated AMPKα at residue threonine 172 (p-AMPKα) and total AMPKα. Bars represent the ratio of phosphorylated AMPKα to total AMPKα. B) Representative immunoblots of phosphorylated ACC at residue Serine 79 (p-ACC) and ACC. Bars represent the ratio of phosphorylated ACC to ACC. Following eight hr after IP injection of LPS (2 mg/kg), A (A-769662 10 mg/kg), A+L (A-769662 10 mg/kg+LPS 2 mg/kg) and A+L+CC (A-769662 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. Values are mean±SEM (n=5). ^+^*P*\<0.05, ^++^*P*\<0.01 and ^+++^*P*\<0.001 from respective control value, ^\*^*P*\<0.05 as compared with the LPS group, ^\#^*P*\<0.05 and ^\#\#^*P*\<0.01 as compared with the A+L group, using one way ANOVA with LSD post hoc test](IJBMS-19-1308-g003){#F3}

The effect of compound-C on the cardiac Level of Tlr-4 mRNA in A-769662+LPS treated mice {#sec2-13}
----------------------------------------------------------------------------------------

Real-time quantitative PCR results showed that the *Tlr-4* mRNA level in the LPS and also A-769662+LPS+compound-C treated mice reached to more than 2 times its value in the control group ([Figure 4](#F4){ref-type="fig"}; *P*\<0.001, respectively). Where adding A-769662 along with LPS decreased the level of *Tlr-4* mRNA in comparison to LPS treated alone (*P*\<0.01) which reduced it to the level of *Tlr-4* in control group. Besides, adding compound-C to A-769662+LPS group reversed the impact of A-769662 on LPS effects and increased the level of *Tlr-4* mRNA expression in comparison with A-769662+LPS alone (*P*\<0.001). Also, the level of myocardial *Tlr-4* expression was elevated in LPS treated group in comparison with A-769662, compound-C (*P*\<0.01, respectively) and A-769662 along with compound-C (*P*\<0.05) and there is no significant differences between A-769662, compound-C, A-769662+compound-C and A-769662+LPS with control.

![Expression of Tlr-4 mRNA in mice myocardial tissues following 8 hr treatment, intraperitoneally, with A (A-769662 10 mg/kg), CC (compound-C 20 mg/kg), A+CC (A-769662 10 mg/kg+compound-C.20 mg/kg), L (LPS 2 mg/kg), A+L (A-769662 10 mg/kg+LPS 2 mg/kg) and A+L+CC (A-769662 10 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. mRNA was isolated and converted to cDNA. The expression of Tlr-4 mRNA was analyzed by real time PCR. Data are expressed as the mean±SEM of the four independent experiments. The significant of results was tested by a Pair Wise Fixed Reallocation Randomization Test using REST software. ^+++^*P*\<0.001 from respective control value; ^\*\*^*P*\<0.01 as compared with the LPS group, ^\#\#\#^*P*\<0.001 as compared with the A+L group](IJBMS-19-1308-g004){#F4}

The effect of compound- C on the myocardial MyD88 protein expression in A-769662+LPS treated mice {#sec2-14}
-------------------------------------------------------------------------------------------------

The level of MyD88, TLR-4 adaptor protein for pro-inflammatory genes activation, was assessed to determine the effect of adminstratin of compound-C along with A-769662+LPS on the level of MyD88 in the heart tissue.

Compared with the normal control group, the MyD88 protein content in the heart of LPS and A-769662+LPS (*P*\<0.001, respectively) and A-769662+LPS+compound-C (*P*\<0.05) group, was elevated ([Figure 5](#F5){ref-type="fig"}). Also, there is no difference between MyD88 protein content of LPS and A-769662+LPS group. The rise in MyD88 protein in A-769662+LPS group was significantly reduced by adding compound-C along with A-769662+LPS (*P*\<0.001) where there is a significant differences among LPS and A-769662+LPS+compound-C (*P*\<0.001).

![Representative immunoblots of MyD88 and GAPDH following 8 hr treatment, intraperitoneally, with L (LPS 2 mg/kg), A+L (A-769662 10 mg/kg+LPS 2 mg/kg) and A+L+CC (A-769662 10 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. Bars represent the ratio of MyD88 to GAPDH. Values are mean±SEM (n=5). ^+^*P*\<0.05, ^+++^*P*\<0.001 from respective control value, ^\*\*\*^*P*\<0.001 as compared with the LPS group and ^\#\#\#^*P*\<0.001 as compared with the A+L group, using one way ANOVA with LSD post hoc test](IJBMS-19-1308-g005){#F5}

Data are expressed as the mean±SEM of the five independent experiments. The significant of results was tested by one way ANOVA with LSD *post hoc* test. ^+^*P*\<0.05, ^++^*P*\<0.01 and ^+++^*P*\<0.001 from respective control value; ^\*\*^*P*\<0.01 and ^\*\*\*^*P*\<0.001 as compared with the LPS group, ^\#\#\#^*P*\<0.001 as compared with the A+L/M+L group

The effect of compound-C on the cardiac TNF-α and IL-6 concentration in A-769662+LPS and metformin+LPS treated mice {#sec2-15}
-------------------------------------------------------------------------------------------------------------------

The effect of compound-C along with A-769662 on the cardiac concentration of TNF-α in mice with LPS induced endotoxemia was assessed. As demonstrated in [Figure 6](#F6){ref-type="fig"}, the cardiac level of TNF-α was profoundly increased by LPS from 527.9±38.5 pg/ml in the normal control to 731.8±36.7 pg/ml in the LPS group (*P*\<0.001). The cardiac concentration of TNF-α in the mice that had received A-769662 immediately before LPS injection had no significant differences with LPS treated alone (819.6±57.7 pg/ml). Besides, inhibiting AMPK activity with compound-C increased the TNF-α concentration to 1117.3±20.7 pg/ml, higher than LPS or A-769662 along with LPS treated groups (*P*\<0.001).

![A) Concentration of TNF-α and IL-6 in mice myocardial tissues following 8 hr treatment, intraperitoneally, with L (LPS 2 mg/kg), A+L (A-769662 10 mg/kg+LPS 2 mg/kg) and A+L+CC (A-769662 10 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. Data are expressed as the mean±SEM of the four independent experiments. B) Concentration of TNF-α and IL-6 in mice myocardial tissues following 8 hr treatment, intraperitoneally, with L (LPS 2 mg/kg), M+L (metformin 100 mg/kg+LPS 2 mg/kg) and M+L+CC (metformin 100 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control.](IJBMS-19-1308-g006){#F6}

The effect of compound-C along with A-769662 on the cardiac concentration of IL-6 in mice with LPS induced endotoxemia was assessed. As shown in [Figure 7](#F7){ref-type="fig"}, the cardiac level of IL-6 was profoundly increased by LPS from 285.84±31.4 pg/ml in the normal control to 412.3±53.5 pg/ml in the LPS group (*P*\<0.05). The cardiac concentration of IL-6 in the mice that had received A-769662 immediately before LPS injection was alleviated to the value of normal control group (328.8±33.8 pg/ml), but there is no significant differences between LPS treated mice and LPS along with A-769662 group. Besides, inhibiting AMPK activity with compound-C reversed the effects of A-769662 on LPS induced IL-6 rise but not significantly in comparison with A-769662+LPS group (387.6±41.7 pg/ml).

![A) Peripheral neutrophil count following 8 hr treatment, intraperitoneally, with A (A-769662 10 mg/kg), CC (compound-C 20 mg/kg), A+CC (A-769662 10 mg/kg+compound-C.20 mg/kg), L (LPS 2 mg/kg), A+L (A-769662 10 mg/kg+LPS 2 mg/kg) and A+L+CC (A-769662 10 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. B) Peripheral neutrophil count following 8 hr treatment, intraperitoneally, with M (metformin 100 mg/kg), CC (compound-C 20 mg/kg), M+CC (metformin 100 mg/kg+compound-C. 20 mg/kg), L (LPS 2 mg/kg), M+L (metformin 100 mg/kg+LPS 2 mg/kg) and M+L+CC (metformin 100 mg/kg+2 mg/kg+compound-C 20 mg/kg) where C is control. Data are expressed as the mean±SEM of the five independent experiments. The significant of results was tested by one way ANOVA with LSD post hoc test. ^+++^*P*\<0.001 from respective control value, ^\*\*^*P*\<0.01 as compared with the LPS group, ^\#^*P*\<0.05 as compared with the A+L/M+L group](IJBMS-19-1308-g007){#F7}

The effect of compound-C along with metformin (a well-known AMPK activator) on the cardiac concen-tration of TNF-α and IL-6 in mice with LPS induced endotoxemia was assessed, too. As demonstrated in [Figure 6](#F6){ref-type="fig"}, the cardiac concentration of TNF-α in the mice that had received metformin immediately before LPS injection was significantly (*P*\<0.001) alleviated to the value of normal control group (516.3±24 pg/ml). However, inhibiting AMPK activity with compound-C reversed the effects of metformin on LPS induced TNF-α rise and elevated cardiac TNF-α concentration to 676.5±14.5 pg/ml (*P*\<0.001 vs metformin+LPS).

As illustrated in [Figure 6](#F6){ref-type="fig"}, the cardiac concentration of IL-6 in the mice that had received metformin immediately before LPS injection was significantly (*P*\<0.001) alleviated to the value of normal control group (215.5±50 pg/ml). Besides, inhibiting AMPK activity with compound-C reversed the effects of metformin on LPS induced IL-6 rise but not significantly (246.6±12.8 pg/ml).

The effect of compound-C on the peripheral neutrophil count in A-769662+LPS and metformin+LPS treated mice {#sec2-16}
----------------------------------------------------------------------------------------------------------

As demonstrated in [Figure 7](#F7){ref-type="fig"}, injection of LPS to animals caused a prominent elevation in the percentage of neutrophil from 33.5±10.6% of the total white blood cells in normal control to 76.5±2.6% ([Figure 7](#F7){ref-type="fig"}). While A-769662 decreased percentage of peripheral neutrophil count from 76.5±2.6% in LPS group to 58±10.6% in A-769662+LPS group. Furthermore, using compound-C with A-769662+LPS reversed the reduction effect of A-769662 by significant reducing peripheral neutrophil count to 75±7.1% (*P*\<0.05 vs. A-769662+LPS) ([Figure 7](#F7){ref-type="fig"}). Besides, IP administration of metformin to LPS treated mice considerably (*P*\<0.01) reduced the percentage of peripheral neutrophil to 59.8±2.1% and adding compound-C in metformin+LPS+compound-C group increased the percentage of peripheral neutrophil count to 72.7±3.7% (*P*\<0.05 vs metformin+LPS group).

Discussion {#sec1-4}
==========

In the present study, we evaluated the correlation of AMPK activity and *Tlr-4* expression. As a critical finding, we determined that A-769662 suppressed LPS-induced expression of *Tlr-4* in the heart tissue, by mediating AMPK activation. We also demonstrated that compound-C, as an inhibitor of AMPK, was able to harbor A-769662 effect on AMPK activity and *Tlr-4* expression. In addition, administration of compound-C along with A-769662+LPS led to decreased level of p-AMPK and p-ACC compared to AMPK and ACC, respectively.

A-769662 is a non-nucleoside small thienopyridone molecule with high specificity for AMPK ([@ref28]). At the molecular level, AMPK is a heterotrimer complex comprised of α, β, and γ subunits ([@ref29]). A-769662 activates AMPK by directly binding to the β subunit of AMPK ([@ref28]) independent of AMP: ATP ratio ([@ref24], [@ref30]). Several studies showed that AMPK activity prevented inflammatory reactions, while loss of this protein function could induce inflammation ([@ref19], [@ref31], [@ref32]).

TLRs are transmembrane receptors found on the cell surface or intracellular compartments ([@ref1]). TLRs activate a number of signaling pathways, among which MyD88, as myeloid differentiation primary response protein, is a critical adaptor protein. Activation of MyD88 promotes NFκB translocation into the nucleus and induces the gene expression of proinflammatory cytokines, particularly TNF*-α* and IL*-6* ([@ref33]). Thus far, potential relationship between AMPK activity and *TLR-4* expression, particularly in vital tissues including heart, has not been appropriately elucidated and this is the first report demonstrating the effect of A-769662 agent on *Tlr-4* gene expression, by activation of AMPK.

On the other hand, compound-C is a cell-permeable pyrazolo pyrimidine agent, functioning as a reversible and ATP competitive inhibitor of AMPK ([@ref34]). This compound is incrementally utilized to inhibit AMPK activity in the cell-based assays, although it is not able to inhibit AMPK function in response to all stimuli. Thus, this pharmacological inhibitor blunted AICAR-induced, but not dinitrophenol-induced ([@ref35]) or the LPS-induced ([@ref36]), activity of AMPK. Consistent with the present findings, Kim *et al* (2014) showed the ability of compound-C to prohibit A-769662 induced AMPK activation ([@ref37]). In addition, several investigations implicated on the inhibitory effects of compound-C on AMPK activity induced by metformin ([@ref38], [@ref39]).

The inflammatory responses in sepsis are primarily initiated by bacterial lipopolysaccharide as an endotoxin. During endotoxemia, LPS acts as a ligand to recognize the receptors which are expressed on immune cells and known as TLRs, particularly TLR-4 ([@ref27],[@ref40]). It has been demonstrated that LPS function increased *TLR-4* mRNA levels ([@ref41]). Herein, using qRT-PCR, we showed that LPS had a strong effect on the *Tlr-4* gene expression in the heart tissue. We determined that treatment with A-769662 profoundly suppressed the LPS induced *Tlr-4* elevation and antagonizing AMPK with compound-C reversed the suppressive effects of A-769662 on LPS induced *Tlr-4* expression. These results indicated the correlation of AMPK activity and *Tlr-4* expression.

We have previously revealed that isoproterenol induced myocardial infarction was associated with a reduction of p-AMPK along with a significant increase in the *Tlr-4* activity. Short term treatment with different doses of metformin increased the AMPK activity and, in contrast, remarkably reduced *Tlr-4* activity ([@ref12]). In addition, Zhao *et al* (2009) showed that deficiency of *Tlr-4* had a cardio-protective effects on ischemic injury, in an regional ischemia induced in wild type c3H/HeN and *Tlr-4* mutated C3H/HeJ mice, due to activation of AMPK and ERK signaling pathways ([@ref42]). These findings are in agreement with Fang *et al* reports (2011) indicated that there was a correlation between TLR-4 and some other distinctive signaling pathways, like phosphatidyl inositol 3-kinase/protein kinase B and AMPK/ERK pathways, during myocardial I/R injury ([@ref1]). Moreover, investigations of Dong *et al* (2012) on the heart triglyceride accumulation of wild type NOD and *Tlr-4* deficient NOD mice were compatible to our findings. Thus, they found that triglyceride accumulation in the heart of *Tlr-4* deficient NOD mice was lower than the other group. In addition, the level of MyD88 had been reduced, whereas the amount of p-AMPK had been increased in the early stages of diabetes in *Tlr-4* deficient NOD mice ([@ref43]). It has been determined that AMPK has potent anti-inflammatory effects, although this activity was inhibited in *Tlr-4* activated cells due to nuclear to cytosolic translocation of the pro-inflammatory mediator high HMGB1 and inhibition of LKB1 ([@ref20]).

As with the present study, Labuzek *et al* (2010) showed that LPS was able to stimulate AMPK ([@ref36]). Furthermore, we have previously showed that metformin played a protective effect against LPS induced *Tlr-4* expression as well as downstream proteins of this receptor, including MyD88. In these endotoxin treated mice, metformin significantly increased AMPK activity, while it decreased protein level of myocardial MyD88, as an adaptor protein for TLR-4 ([@ref44]). Herein we showed that our previous results were associated with the decrease in cardiac TNF-α and IL-6 concentration and alleviation of peripheral neutrophil count. These results are in agreement with our previous studies where we showed the protective effects of metformin in subcutaneous isoproterenol injection induced myocardial infarction. Treatment with metformin decreased cardiac *Tlr-4* expression and MYD88 protein content ([@ref12], [@ref13]). Those results were associated with reduction in TNF-α and IL-6 concentration levels both in the heart and serum ([@ref12], [@ref13]) and decrease in the peripheral neutrophil count and heart myeloperoxidase activity ([@ref45]).

However, in this model we found some contro-versial effects of A-769662 on downstream of *Tlr-4*, in comparison with metformin. We determined that A-769662 significantly decreased the percentage of peripheral neurophil count in endotoxin injected mice and similar to metformin, antagonizing AMPK with compound-C reversed this protective effect. Nevertheless, treating LPS injected mice with A-769662 had no stimulatory effect on the cardiac MyD88 protein content or cardiac concentration of TNF-α. Although some promising, but not significant reversed effect on the level of cardiac IL-6 concentration was determined due to administration of compound-C.

To the best of our knowledge, effect of A-769662 on the *TLR-4* expression or MyD88 protein content has not been appropriately investigated. However, there are some studies indicating the anti-inflammatory effects of A-769662 in some levels. In line with our findings, Guma *et al* (2015) demonstrated that AMPK activation, using A-769662, suppressed inflammatory arthritis in mice which were associated with decrease in IL-6 expression, but not TNF-α, in both serum and arthritic joints. This proposed that AMPK activation may have a considerable potential to use in IL-6 dependent inflammatory arthritis ([@ref46]). However, we previously showed in rat model of LPS induced inflammation that concentration of TNF-α in the serum of the LPS+A-769662 group was reduced to the level of normal control group ([@ref14]).

Conclusion {#sec1-5}
==========

Altogether, these results demonstrated that A-769662 could block *Tlr-4* expression, by activating AMPK. However, there are not sufficient studies about the effect of A-769662 on the MyD88 and inflammatory cytokines. This study proved our hypothesis that AMPK and *Tlr-4* have some correlations. Ultimately, we propose that A-769662 might have some nonspecific effects other than inducing AMPK activity ([Figure 8](#F8){ref-type="fig"}).

![Schematic diagram is showing the possible effects of A-769662-induced AMPK activation on TLR-4 expression and its downstream pathways. The effects of metformin, a well-known AMPK activator, are presenting for comparing.\
AMPK: AMP-activated protein kinase; MyD88: myeloid differentia-tion primary-response protein 88; p-: phosphorylated-; TLR: toll like receptor.\
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